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We review the production of lepton pairs during high energy nuclear collisions. We 
highlight the information being carried out of the hot and dense strongly interacting 
medium. We describe the phenomenon of scalar-vector mixing that can take place 
in a dense medium and suggest possible measurable signatures of this effect in high 
energy heavy ion collisions. 



1 Introduction 

Many probes have been proposed to map out the behaviour of hot and dense 
hadronic matter and also to highhght its eventual transition to a plasma of 
quarks and gluons. It is outside the scope of this talk to review them all 
or even partially: we will concentrate on electromagnetic radiation and more 
specifically on the emission of thermal lepton pairs. Those suffer minimal final 
state interactions and will thus carry valuable information about their emission 
site. Lepton pairs should then tell us about in-medium temperatures and 
densities and will constitute information that is complementary to that carried 
by hadronic observables. The rate for dilepton emission can_he expressed in 
terms of the finite-temperature retarded photon self-energy EJi3'B: 

X ImU^Jk)--^ , (1) 



where fc ]3+ + p_ , = \/W+M^, and — . Vector Meson Dominance 
(VMD) couples, the photon field (real or virtual) to hadronic matter through 
vector mesons □. This ensures that the current-curpent correlator in Eq. 
will yield to the in-medium vector meson propagatorH. Thus, the measurement 
of dilepton spectra is a valuable means of revealing the in-medium behaviour 
of vector mesons. We will very briefly review the current status of the un- 
derstanding of low and intermediate invariant mass lepton pair measurements. 
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Finally, we discuss the possibility of scalar-vector mixing in hot and dense 
hadronic matter and its manifestation in the lepton pair spectrum. 

2 The low invariant mass sector 

A considerable amount of theoretical activity devoted to calculations in the 
low invariant mass region of the dilepton spectrum has been generated byjnea- 
surcments made by the CERES (NA45) collaboration at the CERN-SPsl. By 
first considering hadronic sources that completely explain the proton-nucleus 
data, observations established that an excess over those sources is observed 
in semi-central heavy ion collisions. More specifically, the enhancement fac- 
tor defined by ^mcas./^had sources within the invariant mass range 0.25 < 
M < 0.7 GeV/c^ is 2.6 ± 0.5 (stat.) ± 0.6 (syst.), for Pb-Au collisions with 

O-trig./CTtot. = 30%. 

Theoretical interpretations of the experimental data have first involved 
using a dropping (as a function of temperature and baryon density) vector 
meson mass which results from using an effective Lagrangian constructed to 
reflect the scale- invariance of the QCD action in the massless limitQ. It is fair to 
say that this approach is not free from controiiersy as it implies phenomenology 
at is not supported by many-body analysesQ nor by QCD sum rule techniques 
Then, calculations of the in-medium vector meson spectral density have been 
done by considering that the vector meson can couple to baryonic resonances 
by interacting with nucleons, and to mesons via meson interaction. This will 
effectively broaden the p-meson spectcal density and this will in turn enhance 
the low mass lepton pair spectrum El. It is also natural to ask whether a 
cascade-type approach, representing an incoherent sum of tree-level processes 

Suld also explain the heavy ion dilepton data. This avenue has been explored 
. The results of the theoretical calculations described above are shown to 
agree well with the experimental data in Ref. [11]. 

The elements that are needed to make progress and to bring this issue to 
spme closure include high resolution measurements at the vector meson peaks 
Q, and clarifying the role of baryons in the dilepton spectrum lij. The relevant 
experimental events are either being analyzed or will hopefully be dealt with 
in an upcoming low-energy CERN run. 

3 The intermediate invariant mass sector 

Other interesting dilepton data that have displayed an enhanced yield over 
that measured in proton-nucleus reactions are the dimuon spectra in the in- 
termediate roass region from about 1 GeV to roughly 2.5 GeV, measured by 
the IIelios-3ll3 and NA38/NA50llil collaborations. Even considering sources 



2 




M (GeV) M (GeV) M (GeV) 



Figure 1: Left panel: comparison of background, Drell-Yan, and open charm decays with 
p+W and S+W HeHos-3 dimuon data. Middle paneh some mesonic reactions contributing to 
lepton pair final states are shown. Riglrt-paneh the sum, the background, and the secondary 
contributions are shown with the datafj from central S+W collisions. 



that are known to be important for higher masses such as Drell-Yan and cor- 
related open charm semileptonic decay, the experimental heavy ion data was 
still underestimated. A compelling question to ask is then whether there exists 
mesonic channels similar to the ones at play for lower invariant masses that 
could contribute in this regime. The first theoretical study—jri this invariant 
mass range concluded that there existed such contributions Ej. Note however 
that studies in this region can generate complications that are absent for the 
lower masses. For one, the usual VMD form factors will be far off-shell and 
furthermore, additional couplings to high mass vector mesons is kinematically 
possible. Fortunately, there exists a wealth of data concerning e^e~ — ^ hadrons 
E3 in the appropriate invariant mass range. Those can be analyzed channel-by- 
channel and inverted by-detailed balance to build a mesonic reaction database 
for dilepton productionll3. Those contributions can then be used in a transport 
approach to generate yields that can be directly compared with experimental 
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measurements. The procedure described here was used in conjunction with a 
cascade- type model to compare with the Helios-3 measurements llj. The re- 
sults are shown in Fig. |l|. One can see that the intermediate mass data are 
indeed reproduced once the "thermal" channels are included. The measured 
observables call for no additional sources. 

Recently, the NA50 intermediate rnaas excess was analyzed in the same 
spirit as that in the presentation above t^. There also, the thermal processes 
sufficed to explain the intermediate mass enhancement. Finally, an updated 
version of the mesonic reaction database discussed earlier was used with a 
hydrodynamic approach to also interpret the NA50 dataE3. Some preliminary 
results are show in Fig. ||. The thermal characteristics of-electromagnetic 
sources appear as an ubiquitous feature in nuclear collisions Eil. 
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Figure 2: Comparison with the NA50 intermediate mass data. The Drell-Yan and open 
charm contributions are shown, together with a thermal component. This contains contri- 
bution from a finite temperature meson gas, as well as that from a QCD plasma, assuming a 
first-order phase tmnsition. The parameters of the model and details of the calculation will 
appear elsewhere E3. 




4 Scalar-vector mixing 

In a finite-temperature medium, Lorentz symmetry is broken and this will 
permit phenomena that are forbidden in vacuum to happen. This breaking 
of Lorentz symmetry will manifest itself in longitudinal and transverse modes 
having different dispersion relations, for example 13. At finiteJparyon density, 
scalar- vector mixing can thus occur, more specifically a — a;E3 and p — oo". 
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The medium admits a mixed correlator: in effect a non-diagonal self-energy. 
It will open new channels like tttt — > e^e^, where the tt's annihilate into an 
s-wave, and irr] — > e^e~ . Those reactions represent genuine in-medium effects. 
It is instructive to evaluate the emission of dileptons with those mixing effects 
included. Some differential rates are shown in Fig. ^ Except for the narrow w, 
most of the a — lo mixing effect lies below the p-wave n — tt channel. Perhaps a 
more promising candidate for detection is connected with the appearance of a 
ao peak. It is within reach of high-precision measurement, such as those done 
by the upgraded CERES or by HADES0 at the GSI. 
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Figure 3: Dilepton production rates with meson mixing effects. Left panel: the rates from 
(7 — LU and p — ao mixing are shown together with those from p-wave tttt and KK anni- 
hilation. Right panel: only the rate from the p — ao channel is shown together with the 
background processes. One observes that the signature of this mixing channel persists up to 
high temperatures, provided there exists a baryon density. 



5 Conclusion 

It is clear that electromagnetic radiation carries information about the strongly 
interacting system that is complementary to that in hadronic probes. The low 
mass sector measurements are suggestive of considerable many-body effects. 
Similarly, high precision data around the vector meson peaks could highlight 
the signature of meson mixing. At intermediate invariant masses, it appears 
that a thermal source whose components are known is sufficient to explain the 
observed enhancement. 

In summary, current measurements have yielded exciting results and the 
future appears especially promising. 
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